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(54) Polyester resin composition. 

An aliphatic polyester resin composition having a low combustion heat characterized in that ■ fiJ«J» 
W mixed with an aliphatic por/ester having a number-average molecular weight of at least 10.000, 
synthesized from glycol and aliphatic polybaate acid or acid derivative thereof. A sheet formed from the 
composition has excellent tensile strength, stiffness and impact strength as well as being biodegrad- 
able. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates to an aliphatic polyester resin comooQiHnn n hhi^ k 
aliphatic polyester in practice having substantially a h.gh ^ m * ing k a fi,ler 

molecular weight of at least ! 0,000 which composit^ ^ 
microorganisms, and further has excellent heat S 2 and ^JS^JTV " by 

Discussion of the Background 

h,v ™ nV8n K i0nal,y ' * 13 "° exa " eration to sav tha < high molecular weight polyesters (referring to polyesters 
hav,ng number-average molecular weights of at least 10,000) generally used for films vEJT2h ♦ ^r! 

late, and ethylene glycol or po.ybuty.ene terephtha.ate which is made from terephthalic ^^nSj: 

th e rl n hT n 8 „^ mPie3 1' 6 -™^"*****^ acid has been used instead of terephthalic acid however 
there has not been any example at all in which a polyester using an aliphatic dicarboxylic acid asthe^Lr 
boxyhc acd has been molded into sheet, f flm or fiber form for practical use ^°** K aC ' d 38 the dlcar ' 
One of the reasons why the above mentioned polyester has not been practically used is that even n »h. 

SSStf^tlr fT*** m0St ^ * the above-mentton^Sai ^Zrs a re" 
1 00-C or lower and they also have poor heat stability when they are melted. Of further important nTt the 
propert.es particularly mechanica. properties such as tensile strength, of these £££%^™J% 
extremely low levei; the polyester having the same level of number-average molecular JSKhToftS 

It seems that the studies to improve the physical properties of the aliphatic polyesters by increase their 

P^Z^l^T^ ^ " 0t M 8nOU9h Pro9re » Poor h^SS 

«f „2ST 2 Polyethylene terephthalate or the like, which are largely for general use inThe fields 
of packagmg contamera and industrial materials at present are not biodegradable by micro^rganisn^ and 

^h. r J? T" t0 PreVent 9UCh 3 Prob,em - po, y e3tere nM<1 to ^ incinerated However The aZ"i 
of the, combust™ heat, that is 5.500 - 6.000 kcal/kg. is greater than the average vaiueThe' combS 

^^aX£2T * i8 l0W6f than polyethy,ene and p ~- - "* ~ 

mJH^*^ "? PfeSent inVenB ° n h to provide an ^'P^c polyester resin composition which has suffh 
otnHy h«h modular weight for practical use. and ha, excellent heat stability and me^aniJpSerSsC 

^£EZZ?£ tenSS l!r ^ WhiCh * 6aSi,y diSPGSed 0f b8ca ^ * haa a is 
" dto an iinh^ * mK!rooroani8ms or «» ■» Furthor. the present invention is aimed at prc- 

v.d.ng an al.phatic polyester res,n composition that has intrinsic heatseai characteristics by nature as well Z 
providing a sheet obtained by such a composition and articles formed thereof. . 

SUMMARY OF THE INVENTION 

The present invention has been achieved by developing an aliphatic polyester resin composition havina a 

Z^T^Tnn^^" 9 3 fi,l ° r Wfth a,iphafc ha ^ numc^-ave^gTrrlS 

we.ght of at least 10 000 synthesized from glycol and aliphatic dicarboxylic add or an add derivative there* 
It has been found that aliphatic pdyester resin composition having a low combustion heat tZe exceZi 

iniT T wh8n for r int0 a 9heet and that auch a sh «« ha » ctm^SS!i2ZS^ 

" vacuum f0 "" in 9 and air-pressure forming so as to be formed into a molded articH 
part to thua complete the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described below in further dotal. 

The aliphatic polyester of the present invention mainly consists of a polyester obtained by reacting two 
components of glycols and dicarboxylic acid (or acid anhydrides thereof), and if necessaryls a tZ Z^ 
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nent, with at least one polyfunctions! component selected from the group consisting of trifunctional or tetra- 
functional polyols, oxycarbaxylic acids, and polybasic carboxytic acids (or acid anhydrides thereof). The ali- 
phatic polyesters are prepared by reacting relatively high molecular weight polyester prepolymers which have 

5 hydroxyi groups at ends with a coupling agent so as to make them even higher molecular weight polymer. 

It has been known to obtain polyurethane by reacting a low molecular weight polyester prepolymer having 
a number-average molecular weight of 2,000-2,500, which have hydroxyi groups as the terminal groups, with 
diisocyanate 33 a coupling agent in the preparation of rubbers, foams, coatings and adhesives. 

However, the polyester prepolymers used in these polyurethane foams, coatings and adhesives are pre- 

10 polymers having a low molecular weight and a number-average molecular weight of 2,000-2,500 which is the 
maximum that can be prepared by non-catalytic reaction. To obtain practical physical properties as the poly- 
urethane, it is necessary t hat the content of diisocyanate should be as much as 1 0-20 parts by weight in relation 
to 100 parts by weight of this low molecular weight prepolymer. When such a large amount of diisocyanate is 
added to the low molecular weight polyester, gelation occurs so that no normal resins which can be molded 

15 in the form of a melt can be obtained. 

Also, as shown in the case of polyurethane rubbers, although a method is coceivable in which hydroxyi 
groups are converted into isocyanate groups by the addition of diisocyanate, and then the number-average 
molecular weight thereof is further increased by using glycols, the same problem as mentioned above arises 
because 10 parts by weight of diisocyanate relative to 100 parts by weight of the prepolymer should be used 

20 1 in order to obtain practical physical properties. 

When a relatively high molecular weight polyester prepolymer is to be used, heavy metal catalysts required 
to prepare the prepolymer would promote the reactivity of the above-mentioned isocyanate groups to unde- 
sirably cause poor preservativity, generation of crosslinking and branching; hence a number-average molec- 
ular weight of not more than around 2,500 of polyester prepolymers would be the limit if they were to be pre- 

25 pared without catalysts. ... 

The polyester prepolymers to obtain the aliphatic polyesters used in the present invention are relatively 
high molecular weight saturated aliphatic polyesters having substantially hydroxyi groups at the ends thereof, 
number-average molecular weights of at least 5,000, preferably at least 1 0,000, and melting point of 60 *C or 
higher, which are obtained by reacting glycols and dibasic acida (or acid derivatives thereof) in the presence 

30 of catalysts. 

When a prepolymer having a number-average molecular weight of lower than 5,000 is used, the small 
amounts of 0.1-5 parts by weight of coupling agents used in the present invention cannot provide polyesters 
for blow-molding having good physical properties. When polyester prepolymers having number-average mo- - 
lecular weights of 5,000 or higher are used, with hydroxyi values of 30 or less, the use of small amounts of 

35 coupling agents even under severe conditions such as a molten state and the like can produce high molecular 
weight polyesters without gelation as the reaction is not affected by remained catalyst 

Therefore, the polymer for the polyester resin composition of ths present invention has a repeated chain 
structure in which a polyester prepolymer having a number-average molecular weight ofj.000 or more, pre- 
ferably 1 0.000 or more and consisting of an aliphatic glycol and aliphatic dlcarboxylic acid is combined through 

« the urethane bonds derived from, for example, dMsocyanate as a coupling agent 

Further, the polymer for the polyester resin composition of the present invention has a repeated cham 
structure in which the above-mentioned polyester prepolymer provided with branched long chains derived from 
polyfunctlonal components le combined through the urethane bonds derived from, for example, dinsocyanate 
as a coupling agent When oxazoline, epoxy compounds, and acid anhydrides are used as a coupling agent 

<5 the polyester prepolymer has a repeated chain structure through ester bonds. 

As aforementioned, the polyester resin composition consists of an aliphatic polyester obtained by reacting 
0 1 - 5 parts by weight of diisocyanate, for example, as a coupling agent with 100 parts by weight of an aliphatic 
polyester prepolymer having a number-average molecular weight of 5.000 or more and a melting point of at 
leaat 60«C and fillers; the composition having smelting point of at least 60-C andfillers; thecomposibon having 

so a melt viscosity of 1.0 x10»- 1.0 x 10« poises at a temperature of 190»C and shear rate of 100 sec-'. 

A sheet formed from a composition the aliphatic polyester resin according to the present invention has b.o- 
degradability when it is buries in the ground, and it has a lower combustion heat when ft is incinerated, approx- 
-imately one third of that of polyolefin resins such aa polypropylene, polyethylene, or the like, being eouwalen 
to paper and it is also excellent in tensile strength, stiffness and impact strength. Thus, the sheet of the present 

55 invention is useful aa food container sheets, packaging sheets and general use sheets, and is useful as ma- 

torid ^S«^yc^ d which can be used as a reaction component include aliphatic glycols. Among them 
those having a straightchain aikylene groupwith even number carbon ^** 4 '* 8 ^J 0 ^"-;^ 
lene glycol. 1, 4-butanediol. 1. 6-hexanediol. 1 ,8-octanedlol. I.ICWecanediol. and rraxturee thereof are prefer- 
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able. 

Of these glycols, those having a smaller number of carbon atoms, such as ethylene glycol 1 4-butanediol 
and 1 ,6-hexanediol, are preferable because they can produce an aliphatic polyester having a high crystallinity 
5 and a high melting point. In particular, ethylene glycol and 1, 4-butanediol are most suitable because thev D rt> 
duce good results. JK 

Examples, of aliphatic dicarboxylic acids or anhydrides thereof which provide aliphatic polyester by reactino 
with glycols include aliphatic dicarboxylic acids. Among them those having a straight chain alkylene group with 
even number carbon atoms of 2. 4, 6, 8 and 10 such as: succinic acid, adipic acid, suberic add. sebacic acid 
10 11 O-decaned.carboxyl.c acid, succinic anhydride and lower alcohol ester thereof such as dimethyiester and 
the like and matures thereof are preferable. Of these dicarboxylic acids, those having a smaller number of 
carbon atoms, such as succinic acid, adipic acid and succinic anhydride, are preferable because they can pro. 
duce an aliphatic polyester having high crystallinity and high melting points. In particular, succinic acid, succinic 
anhydride and an acid mixture of succinic acid or succinic anhydride and another dicarboxylic acid such as 
is adipic acid, suberic acid, sebacic acid or 1,10-decandicarboxylic acid are preferable. 

In the system of an acid mixture containing two or more acid components, for example, succinic acid and 
other dicarboxylic acids, the mixing ratio of succinic acid is at least 70 mol%, preferably at least 90 mol% and 
the mixing ratio of the other carboxyfic acids is 30 mol% or less, preferably 1 0 mol% or less. 

A combination of 1 ,4-butanediol and succinic acid or succinic anhydride and a combination of ethylene gly- 
20 col and succinic acid or succinic anhydride are particularly preferable for the present invention because the 
combinations exhibit melting points dose to that of polyethylene. 

These compounds areinitially prepared as low molecular esters and later may be transformed into hiah 
molecular esters by a deglycol reaction. 

25 (Third component) 

To these glycols and dicarboxylic acid, if necessary, may be added as a third component at least one poly- 
functional component selected from the group consisting of trifunctional or tetrafunctionai polyols oxycarbox- 
yiic acid, and polybasic carboxylic acids (or acid anhydrides thereof). The addition of this third 'component 
30 which causes the branching of long chains, can impart desirable properties in molten state to the polyester 
prepolymer, because the ratio of weight-average molecular weight (MW)/ number-average molecular weight 
(Mn), i.e., the molecular weight distribution, increases with increases in its molecular weight 

In the specification of the present invention, "polyols" includes glycols, tri- or tetrafunctionai polyols- and 
•polybasic acids" includes dicarboxJic acids, poybasic carboxylic acids having 3 or more of carboxyt groups in 
35 a molecule and oxycarboxylic acids. * 

In terms of the amount of polyfunctional components to be added without fear of gelation, a trifunctional 
component of 0.1-5 mole %, or a tetrafunctionai component of 0.1-3 mole % is added relative to 100 mole % 
of the total of aliphatic dicarboxylic acid (or acid anhydride thereof) components.' 

to (Polyfunctional components) 

Examples of polyfunctional components as the third component include trifunctional or tetrafunctionai poly- 
ols, oxycarboxylic acids, and pdybasic-carboxylk: acids* 

The triftjnctional polyols alcohols representatively include trimethyiol propane, glycerin or anhydrides 
45 thereof. The tetrafunctionai polyols representatively include pentaerythritoi. 

The trifunctional oxycarboxylic acid components are divided into the two types of (0 a component which 
has two carboxyi groups and one hydroxyl group in one molecule, and (ii) another component which has one 
carboxyl group and two hydroxyl groups in one molecule. Malic acid which has two carboxyi groups and one 
hydroxyl group in one molecule becomes practical and sufficient to the purposes of the present invention in 
50 view of commercial availability at low cost 

' The tetrafunctionai oxycarboxylic acid components are the following three types of components: 

(i) A component which has three carboxyi groups and one hydroxyl group in one molecule; 

(ii) Another component which has two carboxyi groups and two hydroxyl group In one molecule; and 

(iii) The remaining component which has three hydroxyl groups and one carboxyi group in one molecule. 
» Any type can be used, though in view of commerdal availability at low cost citric acid and tartaric acid 

are practical and sufficient to the purposes of the present invention. 

As a trifunctional polybasic carboxylic add (or acid anhydride thereof) component trimesic acid, propane 
tricarboxylic add and the like can be used. Among them, trimesic anhydride is practical for the purposes of 
the present invention. 
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As a tetrafunctional polybasic-carboxyiic acid (or anhydride thereof) various types of aliphatic compounds, 
cycloaliphatic .compounds, aromatic compounds and the like, described in certain literatures, can be used. In 
view of commercial availability, for example, pyromellitic anhydride, benzophenone tetracarboxytic anhydride 
5 and cydopentane tetracarboxylic anhydride are practical and sufficient to the purposes of the present inven- 
tion. 

These glycols and dibasic acids are mainly consisted of aliphatic series, while small amounts of other com- 
ponents, for example, aromatic series may be concomitantly used. These other components may be blended 
or copolymerized in amounts up to 20% by weight preferably up to 10% by weight, and more preferably up to 

10 5% by weight because using these compounds degrades biodegradability. 

The polyester prepolymer for aliphatic polyesters to be used in the present invention has hydroxy! groups 
at the terminals. To introduce the hydroxy! groups, it is necessary that glycols are used somewhat excessively. 

For preparation of the polyester prepolymer having a relatively high molecular weight it is necessary to v 
use deglycol-reaction catalysts in the deglycol reaction subsequent to the esterif ication. 

is Examples of the deglycol-reaction catalysts include titanium compounds such as dcetoacetoyl type titani- 

um chelate compounds and organic alkoxy titanium compounds and the like. These titanium compounds can 
be used in combination. Examples of compounds used in combination include diacetoacetoxy oxytitanium (Nip- 
pon Chemical Industry Co.. Ltd.; Nursem Titanium) tetraethoxy titanium, tetrapropoxy titanium, tetrabutoxy ti- 
tanium and the like. The amount of the titanium compound used is 0.001-1 part by weight and preferably 0.01- 

20 0.1 part by weight relative to 1 00 parts by weight of the polyester prepolymer. These titanium compounds may 
be blended before the esterif ication, or may be blended immediately before the deglycol-reaction. 

As a result polyester prepolymers having a number-average molecular weight of at least 5,000, and pre- 
ferably at least 20,000 and a melting point of 60°C or higher, can be generally obtained easily. It is even more 
preferable if these polyester prepolymers have crystallization. 

25 To the polyester prepolymer which has a number-average molecular weight of at least 5,000, preferably 
at least 10,000, and whose terminal groups are substantially hydroxy! groups are added coupling agents in 
order to increase its number-average molecular weight 

Examples of the coupling agents include diisocyanate, oxazoline, diepoxy compounds, acid anhydrides 
and the like. Diisocyanate is particularly preferred. 

30 In the cases of oxazoline and diepoxy compounds, it is necessary that the terminal hydroxy! groups are 
reacted with add anhydrides and the like to convert them into carboxyt groups, then coupling agents are used. 

Although not limited, examples of diisocyanate include 2,4-tolyiene diisocyanate, a mixture of 2.4-tolylene 
diisocyanate and 2,6-tolyiene diisocyanate, diphenyimethane diisocyanate, 1,5-naphthyiene diisocyanate, xy- 
lylene diisocyanate, hydrogenated xylylene diisocyanate, hexamethylene diisocyanate, isophbrone diisocyan- 

35 ate and the like. Particularly, hexamethylene diisocyanate is preferably used in terms of hue of prepared resins, 
reactivity at the time of blending polyesters, and the Iflce. 

The adding amounts of these coupling agents are 0.1-5 parts by weight and preferably 0.5-3 parts by 
weight relative to 1 00 parts by weight of polyester prepolymer. 

Addition of lees than 0.1 part by weight causes insufficient coupling reaction, whereas with more than ex- 

40 ceeds 5 parts by weight gelation tends to occur. 

The addition is preferably performed when the polyester is in a uniformly melted state under easBy stirrable 
conditions. Although it la not impossible for the coupling agents to be added to the polyester prepolymer in 
solid state and melted and mixed through an extruder, adding the agents into a polyester preparation unit or 
into polyester prepolymer in a molten state (for example, in a kneader) is more practical. 

45 In this case, the number-average molecular weight of the aliphatic polyester is at least 10,000, thereby 
forming a polyester resin or a polyester resin composition which has sufficient mechanical properties. 

FHIers used in the present invention are widely used in the fields of synthetic resine and rubber in general. 
Such fillers are inorganic compounds or metal that do not react with oxygen or water, and f Biers which do not 
decompose during kneading and forming are preferably used. Fillers include metallic oxides such as aluminium, 

so copper, iron, lead, nickel, magnesium, calcium, barium, zinc zirconium, molybdenum, silcon, antimony, tita- 
nium, or the Ike, hydrates (hydroxide) thereof, compounds such as sulfate, carbonate, siicate or the like, dou- 
ble salts of these components, compounds of these components, arid carbon fibers. A typical example of the 
f fliers are exemplyfied, as disclosed in Japanese Patent Laid Open No. 4-31934, by the above metals, alumi- 
nium oxide (alumina) and hydrate thereof, calcium hydroxide, magnesium oxide (magnesia), magnesium hy- 

55 droxide, zinc oxide (Chinese white), lead oxide such as red lead oxide, basic lead carbonate, magnesium car- 
bonate, calcium carbonate, basic magnesium carbonate, white carbon, asbestos, mica, talc, glass fiber, glass 
bead, clay, diatomaceoua earth, silica, wollastonite, iron oxide, antimony oxide, titanium oxide (titania), lotho- 
pone, ground pumice, aluminium sulfate (gypsum and the like), zirconium silicate, zirconium oxide, barium car- 
bonate, dolomite, molybdenum disulfide and iron sand, and the like. 
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Among these fillers, powdered fillers preferably have a diameter of 30u m or less (an* ™ , w ' 
10, m or less), and fibrous-fillers preferably have a diameter of between 1 . ^OoTm (and lZ™ T Z 
- SO, m, and a length of 0.1 - 10mm (and more preferably. 0.1 - 5.0mm). F^^%Z s Z7ll 

f^areS^ 

P°f°n -suitable for producingapractic^^^ 

hi. to achieve either 5,000kca./kg or less combustion heat or improve * ™** 

The resulbng a phabc polyester resin composition has a melt viscosity of 1.0 * 103 To poise at a 
temperature of 190X at a shear rate of 100 (sec--), and more preferably. 1 0 x 10* . 5 0 x 1 V LZ i ? I 
viscosfty of less than 1 000 poise makes processing easy but reduces aLL£t^^£Z 
sistance (.n particular, heat stab«ity of the sheet), impact strength, elongation at break extens o an t h e kT 

a diameter of 1.0mm and UD of 10 at a resin temperature of 190«C rnwm «^«3,ng a nozzle having 

a f int P h r ^L°„ n ° f ^ P ?K yeS ! er reSi " Composition accortin 9 to the present invention is achieved by mixing 
a er homogeneously with polyester resin at a desired ratio. Mixing methods include a method knead no 
a filer and polyester res,n in a molten state by using mixers such as an extrusion machine Tm too rll 1 
kneader, aroll m,ll a Banbury mixer, a continuous mixer, orthe like. Ora highly-concentrated? leVZterS ch 

The resulting polyester resin composition may be used as it is. However. In accordance with the desired 

LZ£ ^ V StabiliZera a9aifWt 0Xy9an ' " 9ht <UltraVto,et) and heat * recants. 
ab,| rty maKfers colonngs. antistatic agents, electrical characteristics modifiers, adhesion mod^eT oTthe 

l.ke.maybeaddedasfortheydonotimpairingtheforegoingcharacteristicsfa^an 

composition according to the present invention. polyester resin 

caleL^r^hS "TJ ; 0mpo8itk,n i8 form ^ into a by employing various methods such as a 
c^endarmethod.aT^,emethod.orthelike. In this case, resin temperature is between 100.270°C anS 
.3 P hTr??ont b8tWeen 100 ■ 25 °° C • " " inco ™" ient to °« out of these range, because a temperatura <J 

The aliphatic polyester composition having a combustion heat of 5.000kcal/kg or less can improve the heat 
ras.stance and stiffness, and b applicable to packaging materials and plastic sheets for geneZTe Furth" 

fo or parts such a. containers or the like produced by employing such a secondary thermal. 
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EXAMPLES 

,4 SI. 0 *" 19 EXampl69 btode 8 radabi,it y was evaluated according to the following process. A sheet 

a ^ Wa " : n9efted •*■■•» <™»* P"vWnfl with polyethylene, burli Vthe ground at 

10cffl a " d du * °«f» 12 ™<« h »- Th» was compared with a commerdally available pajer board 
having the same thickness. The evaluation thereof is preferably the condition A below 

,h Jr*"!* 0 " 5 1 1? a ' iPhatiC P0ly88tef 8hMt d9C0m P° SM to a greater degree than the paper board and the 
sneet is ragged with openings. 

mJZ?!!"? 8 : ° a , Pe ! ^ decom P«w »o « greater degree than the aliphatic polyester sheet which 
retains its shape as an aliphatic polyester sheet 

ma Ju 8 J 6 '] 9 Jl!li ara f tBriS , ttCa Wer9 meaSUred acCOrtins toJISK7113and the amount of combustion heatwas 
Z^iSSS? J^T 8 ^ a °* rting to J,S M8814 - 1,19 stiffne89 vvaa measured by Olsen stiffness 
(AS ™ D747) tBrms * °° th direction8 * MD «* TD and the lowervalue was determined as the meas- 
urea value. The dart impact strength was measured according to ASTM D1709. 
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(Example 1) 

A 700 L reactor was purged with nitrogen, then 1 83 kg of 1 ,4-butanediol and 224 kg of succinic acid were 
5 charged in it. After the temperature was elevated under nitrogen stream, esterif ication by dehydration conden- 
sation was carried out for 3.5 hr at 192-220°C, and after ceasing nitrogen charge, for further 3.5 hr under re- 
duced pressures of 20-2 mmHg. A sample collected had an acid value of 9.2 mg/g, a number-average molecular 
weight (Mn) of 5,1 60 and a weight-average molecular weight (Mw) of 10,670. Subsequently, 34 g of tetraiso- 
propoxy titanium, a catalyst was added at normal pressures under nitrogen stream. The temperature was ele- 
10 vated to carry out a deglycol-reaction at temperatures of 21 5-220°C under reduced pressures of 1 5-0.2 mmHg 
for 5.5 hr. A sample collected had a number-average molecular weight (Mn) of 16,800 and a weight-average 
molecular weight (Mw) of 43,600. The yield of resulting polyester prepoiymer (A1) was 339 kg except conden- 
sate water. 

5.42 kg of hexamethylene diisocyanate was added to the reactor containing 339 kg of the polyester pre- 

15 polymer (A1) to perform a coupling reaction for 1 hr at 180-200°C . The viscosity was rapidly increased, but 
no gelation occurred. Then, 1 .70 kg of Irganox 1 01 0 (Ciba-geigy) as an antioxidant and 1 .70 kg of calcium stear- 
ate as a lubricant were added, and the mixture was further stirred for 30 min. The resulting reaction product 
was extruded into water, and cut by a cutter into pellets. The aliphatic polyester (B1) obtained after drying in 
a vacuum at 90° C for 6 hr had a yield of 300 kg. 

20 The obtained polyester (B1) was a slightly ivorylike white, waxy crystal, and had a melting point of 110°C , 

a number-average molecular weight (Mn) of 35,500 a weight-average molecular weight (Mw) of 170,000, a MFR 
(190°C ) of 1.0 g/10 min, a viscosity of 230 poises in a 10% orthochlorophenol solution and a melt viscosity 
of 1 .5 x 1 0 4 poises at a temperature of 1 90°C at a shear rate of 1 00 sec- 1 . The average molecular weight was 
measured by a Shodex GPC System- 11 (Showa Denko, gel permiation chromatography) using a HFIPA solu- 

25 tion containing 5 mmol CF 3 COONa (concentration of 0.1% by weight) as a medium. A calibration curve was 
drawn using a PMMA standard sample (Shodex Standard M-75, Showa Denko). 

After mixing and blending 70wt% polyester resin and 30wt% taic having an average diameter of 5.0p. m in 
a Henschel mixer, it was kneaded and palletized at a resin temperature of 180°C by using a biaxial extruder 
in which screws rotate in the same direction having a screw diameter of 50m/m. The melt viscosity of the re- 

30 suiting composition was 2.3 X 10* poise at a temperature of 190°C and a shear rate of 100sec~'. 

A method and conditions for producing a sheet using polyester (B1) composition 

Polyester (B1) composition prepared above was extruded from a T-die having a width of 350mm (a lip gap 
3$ of 1.0mm) at a resin temperature of 180°C by employing an UD * 32 extruder having a screw diameter of 
4Omm0 . A sheet was formed with first and second cooling rolls having a temperature of 60°C so that a sheet 
having a thickness of approximately 750u. m was produced. 

Furthermore, the resulting sheet was formed in a vacuum foaming machine (Asano Corporation, model 
FLX-OZ infrared-heating on both surfaces in an oven) so that a container (length : 140mm; width : 140mm; 
40 depth : 45mm) was produced. There was no problem in sheet-forming and vacuum-forming, and the resulting 
container had no distortion. 

The tests on tensie strength at break (JIS K-711 3) of MD and TO of the resulting sheet and container, stiff- 
ness by Otsen stiffness meter (ASTM D-747), notched Izod impact strength with a notch (JIS K-71 1 0) at a tem- 
perature of 23°C , the amount of combustion heat, sheet-forming characteristics, and biodegradability were 
46 performed, and the evaluation results are shown in Table 1. 

(Example 2) 

Example 2 was performed in the same way as in Example 1 , except that the filler amount was 40wt% of 
so talc. The melt viscosity was 2.7 x 1 0* poises. No problem forming was observed. The evaluation results of the 
resulting sheet and container are shown in Table 1. 

(Example 3) 

53 Example 3 was performed in the same way as in Example 1 , except that the ffllerwae a calcium carbonate 

having an average diameter of 1 u m r The meit viscosity was 2.0 x 10 4 poise. No problem for in forming was 
observed. The evaluation results of the resulting sheet and container are shown in Table 1. 
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(Example 4) 

A 700 L reactor was purged with nitrogen, then 1 77 kg of 1 ,4-butanediol. 1 98 kg of succinic acid and 25 
g. of adipic ac,d were charged in it. After the temperature was elevated under nitrogen stream JSSfSS 
by dehydraton condensation was performed for 3.5 hr at 190-210'C . and after casing ni^en charo" for 
further 3.5 hr under reduced pressures of 20-2 mmHg. A sample coilected had an acid va W 9 6 mg/g a 
number-average molecular weight (Mn) of 6.100 and weight-average molecular weight (Mw) of 2 200 Su'b! 
sequent*, 20 g of tetraisopropoxv titanium, a catalyst, was added at normal pressures JL2££Z!i££ 
The temperature was elevated to perform a deglyco.-reaction at temperatures of 210-220-C under red!Sd' 
U^ll if, mmH9 hr A SamP ' e C0 " eCted h3d 3 "^ber-average molecular we^M^ 

kg of hexamethylene diisocyanate was added to the reactor containing 333 kg of polyester (A2) to 

^rT^^nJ 9 ^ fW 1 * 31 18 °" 200 ' C ' The Vi8C08ity was increa8ed - °«< "° Selatton oc- 

curred Then 1 70 kg of Irganox 1010 (Ciba-Geigy) as an antioxidant and 1.70 kg of calcium stearate as a^ 

bncant were added, and the mixture was further stirred for 30 min. The resulting reaction product was extruded 
«nto water by an extruder, and cut by a cutter into pellets.. The aliphatic polyester (B2) obtained after drying in 
a vacuum at 90°C for 6 hr had a yield of 300 kg. «>«>r drying in 

The obtained polyester (B2) was a slightly ivory-like white, waxy crystal, and had a melting point of 1 03'C 
f«™"l Vera9e m0l ^ ular wej 9 ht ( Mn > of 36 - 00 °. a weight-average molecular weight (Mw) of 200 900 a 
MFR (190-C ) of 0.52 g/10 min. a viscosity of 680-poises in a 10% orthoch.oropheno. Luton and a meTvis! 
cosity of 2.2 x 10* poises at a temperature of 190»C at a shear rate of 100 sec-'. 

A sheet was produced under the same conditions as in Example 1. except that a mixture of 70wt% of the 

30Wt% t3lC haVi " 9 a " aVera " diameter * S » m W9n P 6 "*** 1 at a ™" temperature 
of 200 C and that a sheet was formed at a resin temperature of 1 90«C . The melt viscosity was 2 9 x 1 o* poise 
Further, the sheet was formed into a container having the same size using the vacuum forming machine 
made by Asano Corporation in Example 1. There was no problem in forming, and the resulting container had 
no distortion. 

(Example 5) 

A 700 L reactor was purged with nitrogen, then 200 kg of 1.4-butanediol, 250 kg of succinic acid and 2 8 
kg of tnmethyloJ propane were charged in it After the temperature was elevated under nitrogen stream ester- 
ificabon by dehydration condensation was performed for 4.5 hr at 192-220'C . and after ceasing nitrogen 
charge, for further 5.5 hr under reduced pressures of 20-2 mmHg. A sample collected had an acid value of 
]° n A n Z^' 8 number - avera 9 8 molecular weight (Mn) of 4.900 and a weight average molecular weight (Mw) of 
10,000. Subsequently. 37 g of tetraisopropoxy titanium, a catalyst, was added at normal pressures under ni- 
trogen stream. The temperature was elevated to perform a deglycol-reaction at temperatures of 21 0-220 <> C 
under reduced pressures of 1 5-1.0 mmHg for 8 hr. A sample coilected had a number-average molecular weight 
(Mn) of 16.900 and a weight-average molecular weight (Mw) of 90.300. The resulting polyester (A4) had a yield 
of 367 kg except condensate water of 76 kg. 7 

3.67 kg of hexamethylene diisocyanate was added to the reactor containing 367 kg of polyester (A4) to 
perform a coupling reaction for 1 hr at 160-200*C . The viscosity was rapidly increased, but no gelation oc- 
curred. Then. 367 g of Irganox 1010 (Ciba-Geigy) as an antioxidant and 367 g of calcium stearate as a lubricant 
were added, and the mixture was further stirred for 30 min. The resulting reaction product was extruded into 
l at T. by ! n extruder - and cut by a cutter into pellets. The polyester (B4) obtained after drying in a vacuum at 
90°C for 6 hr had a yield of 350 kg. 

The obtained polyester (B4) was a slightly ivorylike white, waxy crystal, and had a melting point of 110*C 
a number-average molecular weight (Mn) of 17.900 a weight-average molecular weight (Mw) of 161 500 
(Mw/Mn=9.0). a MFR (190«C ) of 0.21 g/10 min and a melt viscosity of 2.0 x 10* poises at a temperature of 
180«C at a shear rate of 100 sec-'. The average molecular weight was measured In the same manner as in 
Example 1. 

The polyester (B3) was formed in the same manner as in Example 1. The melt viscosity was 2.7 x 10* 
poises and no problem in forming was observed. The evaluation results for the thus obtained sheet and con- 
tainer are shown in Table 1. 
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(Comparative Example 1) 



Polyester A1 was used in the same manner as in Example 1. The palletizing characteristics in this example 
5 were worse than that of Example 1 and the strength was extremely weak. Thus, sheet-forming could not be 
performed. 

The evaluation results of the obtained sheets and containers are shown in Table 1. 



Table 1 



493014 FA1424 



13 



20 



25 



Example 
1 
2 
3 
4 
5 



Tensile Strength 
at Break (kg/cm 1 ) 
MD TD 



580 
600 
560 
500 
600 



500 
520 
480 
405 
550 



Stiffness 



(kg/ cm 1 ) 



7600 
8200 
7000 
7500 
8000 



Comparative Example 

1 No sheet was formed. 



Notched 
Izod impact 
(kg/cm* ) 



1.2 
1.0 
1.3 
2.0 
1.5 



30 

Table 1 (continued) 493014 FA1424 



Dart Combustion Container Biodegra- 

Impact Heat Forming dability 

(kg«cm,23t) (kcal/kg) Performance 



Example 



40 


1 


160 


4200 


good 


A 




2 


130 


3600 


good 


A 




3 


160 


4150 


good 


A 


45 


4 


175 


4140 


good 


A 




5 


150 


4100 


good 


A 




Comparative 


Example 








50 


1 




4140 







55 Claims 

1. An aliphatic polyester resin composition having a low combustion heat, characterized in that a filler is 
mixed with an aliphatic polyester having a number-average molecular weight of at least 10.000, said ali- 
phatic polyester being synthesized from glycol and aliphatic polybaaic acid or acid derivative thereof. 
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20 



An aliphatic polyester resin composition having as claimed in claim 1, wherein said composition contain, 
1 0 - 70% by weight of inorganic fillers se.ected from the group consisting of metallic 
fate, carbonate and silicate, with the amount of combustion heat being 5,000 kcal/kg or less and Izod im- 
pact strength being at least 0.8 kg/cm* . 200 irTV 

An aliphatic polyester resin composition as claimed in claim 1, wherein a melt viscosity is 1 0 x 10M 0 x 
10« poises at a temperature of 190°C and shear rate of 100 sec 1 . 

An aliphatic polyester-resin composition as claimed in ciaim 1 wherein the aliphatic polyester has a num- 
ber-average molecular weight of at least 10,000 and contains 0.03-3.0% by weight of urethane bonds. 

An aliphatic polyester resin composition as claimed in claim 1 wherein the aliphatic polyester has a num- 
ber-average molecular weight of at least 1 0,000 and contains 0.05-2.0% by weight of urethane bonds. 

An aliphatic polyester resin composition as claimed in claim 1 wherein the aliphatic polyester has a num- 
ber-average molecular weight of at least 1 0,000 and contains 0.1-1.0% by weight of urethane bonds. 

An aliphatic polyester resin composition as claimed in any one of claims 1 to 6 consisting of an aliphatic 
polyester obtained by reacting 0.1-5 parts by weight of diisocyanate with 100 parts by weight of an aliphatic 
polyester prepolymer having a number-average molecular weight of at least 5,000 and a melting Doint of 
at least 60°C . 

An aliphatic polyester resin composition as claimed in claim 1 wherein the aliphatic polyester has a re- 
peated chain structure in which a polyester prepolymer having a number-average molecular weight (Mn) 
of 5,000 or more and consisting of an aliphatic glycol and aliphatic dicarboxytic acid, is combined through 
the urethane bonds. 

9. An aliphatic polyester resin composition as claimed in claim 1 wherein the aliphatic polyester has a re- 
peated chain structure in which a polyester prepolymer having a number-average molecular weight (Mn) 
so of 5.000 or more and obtained by reacting an aliphatic glycol, aliphatic dicarboxylic acid and, as the third 

component at least one polyfunction* component selected from the group consisting of trifunctionai or 
tetrafunctional polyols. oxycarboxylic acids and porybasic carboxylic acids or acid anhydrides thereof is 
combined through the urethane bonds. 

w 10. An aliphatic polyester resin composition as claimed in claim 1 wherein the polyester prepolymer has a 
unit selected from the group consisting of ethylene glycol, 1 ,4-butanediol, 1 ,6-hexanedid, decamethyiene 
glycol, neopentyl glycol and 1,4-cyciohexane dimethand as a glycol unit and has a unit selected from 
the group consisting of succinic acid, adipic acid, suberic acid, sebasic acid, dodecanoic acid, succinic 
anhydride and adipic anhydride as a dicarboxylic acid unit 

11. An aliphatic polyester resin composition as claimed in daim 8 wherein the polyester prepolymer contains 
one or more compounds selected from the group consisting of trimethyiol propane, glycerin and pentaer- 
ythritol as the trifunctionai or tetrafunctionaJ pdyol of the third component 

12. An aliphatic polyester resin composition as claimed in daim 9 wherein the polyester prepolymer contains 
one or more compounds selected from the group consisting of malic add, citric add and tartaric add as 
the trifunctionai or tetraftjnctional oxycarboxylic add of the third component 

13. 
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An aliphatic polyester resin composition as daimed in daim 9 wherein the polyester prepolymer contains 
one or more compounds selected from the group consisting of trimesic acid, propane tricarboxylic add, 
trimeflitic anhydride, pyromellitic anhydride, benzophenone tetracarooxytic anhydride and cydopentane 
tetracarboxylic anhydride as the trifunctionai or tetrafunctional polybasic carboxylic add of the third com- 
ponent 

1* A formed artide formed by heat forming an aliphatic polyester resin composition according to Claim 3. 

15, An aliphatic polyester resin sheet formed from a polyester resin composition according to Claim 3, char- 
actertzed in that the stiffness in both directions of MD and TD of said sheet is at least 4.500 kg/cm* and 
that the tensile strength at break is at least 250 kg/cm* 
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